Vegetally localized RNAs in Xenopus oocytes have been implicated in the establishment of the primary germ layers and the formation and development of the primordial germ cells. fatvg mRNA is localized through the late pathway to the vegetal cortex. Like Vg1 mRNA fatvg is distributed throughout the entire cortex; however, unlike Vg1 there is a small fraction of the fatvg mRNA that is associated with the mitochondrial cloud. In early cleavage stage embryos, fatvg mRNA is associated with the germ plasm located at the tips of the vegetal blastomeres of the embryo. While several localized RNAs that follow the Message Transport Organizer (METRO) pathway have been found in the germ plasm in embryos, fatvg is a late pathway RNA that is associated with the germ plasm. In tadpoles, fatvg mRNA shows a novel pattern of expression which is distinct from the germ cell lineage and is detected at the dorso-anterior margin of the endodermal mass along the midline in two clusters of cells. fatvg mRNA expression is also detected later in the developing fat bodies, the major adipose tissues of the frog. q 2001 Elsevier Science Ireland Ltd. All rights reserved.
We have previously reported that fatvg is maternally expressed in Xenopus oocytes and that its mRNA is localized to the vegetal cortical region (Chan et al., 1999) . The localization of fatvg mRNA follows a pathway similar to the late pathway, which is utilized by the mRNAs that encode the TGF-b growth factor Vg1 and the T-box transcription factor VegT (Kloc and Etkin, 1995; Lustig et al., 1996; Stennard et al., 1996; Zhang and King, 1996; Horb and Thomsen, 1997) . To determine the spatial expression of fatvg during early development, we have carried out in situ hybridization on sectioned embryos from the early cleavage stage to the tadpole stage.
Results and discussion
Examination of sections of cleavage stage embryos revealed that fatvg mRNA was associated with the germ plasm throughout early development (Fig. 1) . The germ plasm, which is inherited by the primordial germ cells, can be identi®ed in cleavage stage embryos based on its yolk-free appearance (Bounoure, 1934) . We detected fatvg mRNA associated with the germ plasm at the periphery of the blastomeres in the endoderm in two-cell (Fig. 1A) , 16/ 32-cell (Fig. 1B) and blastula stage embryos (Fig. 1C,D) . In gastrulae, fatvg mRNA was detected in a small number of endodermal cells in a perinuclear pattern (Fig. 1G,H ) similar to what has been described for the germ plasm (Nieuwkoop and Sutasurya, 1979) . fatvg mRNA is also associated with the perinuclear germ plasm in neurula stage embryos (data not shown). fatvg mRNA is undetectable in the germ cell lineage from the tailbud stage onwards, but expression resumes when the germ cells differentiate into oocytes ( Fig. 2A) . While several localized RNAs that follow the METRO pathway have been found associated with the germ plasm (Mosquera et al., 1993; Houston et al., 1998; Hudson and Woodland, 1998; Kloc et al., 1998) , fatvg mRNA is one of the two late pathway RNAs that is associated with the germ plasm during early embryogenesis. VegT mRNA has also been detected in the germ plasm in cleavage stage embryos (F. Stennard and J.B. Gurdon, unpublished observations; A.P. Chan and L.D. Etkin, unpublished observations and E.E. Brown and M. Danilchik, unpublished observations).
We also performed in situ hybridization using tadpole stage embryos to analyze fatvg mRNA distribution during later development. In stage 40 embryos, fatvg mRNA was (00)00517-7 www.elsevier.com/locate/modo detected as two symmetric stripes along the midline at the dorso-anterior margin of the endodermal mass (Fig. 3A±D) . To determine the identity of the cells that express fatvg, Xpat was used as a marker for the primordial germ cells, which are also found in the endoderm (Hudson and Woodland, 1998) . The primordial germ cells that express Xpat are scattered throughout the endoderm and have a different expression pattern when compared to that of fatvg (Fig.  3E ). Therefore cells expressing fatvg are distinct from the primordial germ cells at this stage of development. At stage 47, the endodermal mass has undergone differentiation and given rise to structures including the dorsal mesentery and the gut. In these embryos, fatvg mRNA was detected in a novel expression pattern, in two small clusters of cells above the coelomic lining near the dorsal mesentery (Fig. 4) .
Fat bodies represent the predominant adipose tissue in the amphibians and appear as a pair of ®nger-like structures originated from the most anterior part of the genital ridges (Nieuwkoop and Faber, 1994) . fatvg is the frog homologue of adipose differentiation related protein (ADRP) (Jiang and Serrero, 1992) , which is expressed in mouse adipocytes. Therefore, we asked if fatvg is expressed in the adipose tissue of Xenopus. We showed that, indeed, fatvg mRNA is expressed in the cytoplasm of the developing fat bodies of stage 53±56 tadpoles (Fig. 5 ).
Experimental procedures

In situ hybridization
Embryos were embedded in paraplast and sectioned at a thickness of 12 mm. In situ hybridization on sections was carried out according to Lemaire et al. (1995) . The Xpat construct was a gift from H. Woodland. 
